SUMMARY The presence of disproportionate memory impairment with relatively preserved intellectual functioning was examined in 87 survivors of moderate or severe closed head injury. Approximately one-fourth of the patients tested at 5 to 15 and/or 16 to 42 months after injury manifested defective memory on both auditory and pictorial measures despite obtaining Wechsler Verbal and Performance Intelligence Quotients within the average range. The findings indicate that disproportionately severe memory deficit persists in a subgroup of closed head injured survivors which is reminiscent in some cases of the amnesic disturbance arising from other causes. Evaluation of long term memory in relation to cognitive ability could potentially identify important distinctions for prognosis and rehabilitation in head injured patients.
Russell' reported that residual memory disturbance was present in 23% of over 1000 servicemen who were convalescing from closed head injury (CHI) and in 50% of the most severely injured patients. Recent studies administering psychometric and experimental tasks to characterise the residual impairment of long term memory after head trauma28-8 have varied in the neurological indices employed to analyse severity of CHI. The Glasgow Coma Scale (GCS)9 and durations of coma and posttraumatic amnesia (PTA) have been positively, albeit inconsistently, related to residual memory problems.2-68 While less frequently analysed, the effects of focal intracranial lesions on memory have been relatively unimpressive when compared with the degree and duration of impaired consciousness.2 -6 8 10 Whether memory deficit is invariably an expression of global cognitive impairment or a relatively specific sequel of CHI remains unclear. Few studies have concurrently administered psychometric tests of intellectual function and memory to head injured patients2 8 11 or have analysed dissociations in performance similar to investigations of amnesia sec-encephalitis."2-" Following the approach which identifies cases of memory impairment with relatively preserved intellectual function in studies of amnesia (cf. 16), we determined the frequency of specific memory deficit persisting over two follow-up intervals in survivors of moderate and severe CHI. Given our prediction of more impressive neurobehavioural recovery after moderate CHI, we anticipated that concomitant memory and cognitive deficits would be found primarily in the severely injured patients.
Method
Subjects To accrue a sample in whom memory prior to head trauma was relatively homogeneous and intact, we studied patients who were between the ages of 18 and 30 years (M = 22-6, SD = 3 7) at the time of injury and had no previous history of CHI, substance abuse, neuropsychiatric illness or subnormal intelligence. In view of recent studies documenting recovery of memory within 3 months after a mild CHI,`' -19 this investigation was confined to consecutive admissions to the neurosurgery service of moderate or severe injuries. In addition, we selected patients from whom complete neurological data were prospectively collected (including serial GCS scores) who were free of residual aphasic deficit.20 Patients were scheduled for assessment at regular intervals, including baseline (that is, after resolution of posttraumatic amnesia), 6 months, 1 year, 2 years and 3 years as part of an ongoing project to examine recovery of function. In view of variation in the actual follow-up intervals due to scheduling difficulty and disability, we analysed the data collected at two wider follow-up windows in which the WAIS, Selective Reminding and recognition memory were concurrently administered. The first occasion was 5 to 15 months (M = 303 7 days, SD = 103-0 days), and the second occasion was 16 to 42 months (M = 844-4 days, SD = 250 8 days). In the event that a patient was evaluated more than once during an interval (that is, had both a 2 and 3 year follow-up), we selected the most recent scores to reflect a stable level of outcome. There were no significant differences in the injury-test intervals between moderate and severe CHI patients at the five to 15 month window (M = 284-1 days in moderates versus 315-9 days in severes, F(l, 63) = 1-47, p > 0-05) or the 16 (N) (13) (13)
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*A common suprascript letter denotes a significant difference between groups of 0-05 or less.
tVerbal and Performance IQs were 85 or above.
$IQ was below 85 on the Verbal and/or Performance Scales of the WAIS.
group 
Discussion
Our definition of a relatively specific memory disorder specified that intellectual functioning recovered to at least the low normal range. Consequently, we infer that residual memory impairment after CHI is frequently disproportionate to relatively normal intellectual functioning. In view of the finding that about one-fourth of the patients studied in each follow-up interval were considered to have a generalised memory disturbance on both verbal and visual material, it is questionable whether memory disorder present at I year recovers substantially during the next neuropsychiatric disorder and substance abuse, it is unlikely that the memory problems documented herein represent a pre-existing condition. Apart from confirming previous findings1 3-6 that memory impairment often persists after resolution ofPTA, this study also supports other investigations" in demonstrating that memory disorder is present despite recovery of relatively normal intellectual functioning.
The relationship between severity of CHI and persistent memory deficit in this study varied according to the neurological indices. Nonreactive pupils during the acute state of injury were more common in patients who were left with a relatively specific memory deficit as compared with patients who had normal memory functioning at the time of follow-up. However, the GCS score and duration of impaired consciousness were comparable in the memory impaired and unimpaired patients. In addition, it appeared that memory impaired patients more frequently sustained bilateral hemispheric mass lesions. As might be expected, severity of injury tended to be greater in patients who had global cognitive impairment marked by defective scores on memory and IQ tests. This latter finding is consistent with previous studies which have reported on concurrent impairment of intellectual function and memory.2 Further research is necessary to determine whether the proportion of our patients exhibiting persistent memory disorder is representative of survivors of similar injuries at other centres who recover to a testable level. Although we did not observe an excess of temporal lobe lesions in the memory impaired patients, a recent study using magnetic resonance imaging27 found multifocal lesions in the frontal, temporal, parietal and occipital lobes in a patient with an apparently diffuse injury. Advances in neuroimaging may reveal relationships between residual memory disorder and neuroanatomic locus of lesion or hypometabolism which are undetected by CT.
Is it appropriate to refer to residual memory deficit after CHI as an amnesic disorder? All patients whom we designated as memory impaired had intact orientation and were no longer in PTA according to a brief test of gross memory and appreciation of time, place, person and circumstances of injury. To the extent that anterograde amnesia "refers to impairment in learning new material",28 we contend that this clinical picture can emerge after CHI with the proviso that intellectual functioning is within the normal range. A portion of our CHI patients had residual intellectual and memory deficits, a pattern consistent with global cognitive impairment rather than amnesic disorder.
To many clinicians and investigators, the term "amnesia" connotes a condition characterised by loss of memory over periods as brief as a few minutes associated with disorientation, if not confabulation.29 Levin 
